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HEARING LEVELS OF NOISE-EXPOSED U.S. AIR FORCE PERSONNEL
COMPARED TO THOSE IN THE TOTAL U.S. POPULATION

INTRODUCTION

Many military and civilian USAF personnel perform their duties in
the presence of noise levels that are judged a potential threat to hear-
ing. In 1949, a regulation (1) was published that recognized noise as a
hazard, provided for ear protection use, and called for audiometric test-
ing of persons exposed to high-intensity sound. This one=page regulation
provided very little detail. 1In 1956, a 25-page regulation (2) imposed
a great deal of detailed guidance, including a requirement to send caxbon
copies of all monitoring audiometry reports, on AF Foxms 1490 (Hearing
Conservation Data) to a central Repository. In 1973, a revised regulation
(3) (52-pages) was issued and obviously exerted a big influence since the
nunber of carbon copies of audicmetric monitorings received at the USAF
Hearing Conservation Data Registry (formerly the Repository) more than
doubled.

Prior to 1975, -the hearing conservation data forms sent to the Regis-
txy (Repository) were used primarily to generate broad generalizations
about the noise-exposed population being monitored, Foxr example, tabula-
tions were usually of items such as numbers of military, numbers of civil-
ians, nunbers with vexy good, in-between, and very bad hearing thresholds.
Computer processing of all hearing conservation data did not begin until
1975. Copies of two types of forms are raceived at the Regisiry: AF Forgs
1491 (Reference Audiogram) document an individual's hearing threshold
levels (HTL) prior to his duties in noise and serve as a yeference against
which to compare subsequent audiometric examinations. AF Forxms 1490 are
used to record all followup audiocmetric results and have the reference
audiogram txanscribed onto them so that threshold shift at each pure-tone
frequency can be conveniently caloulated. Most of these ave annual follow-
ups. When a significant threshold shift (according to oriteria im the '
regulation) is found, other followups are done including 15« and 40-hour
reexaminations, monthly detailed followups, and othexr special purpose
followups. Keypunching of data for computerization has been limited to.
information on AF Forms 1490.

The purposa of this repoxt is to document the hearing threshold
levels of noige-exposed Alxr Force personnel and. to compare these hearing
levels to those yeported for the U.S. population, Nilitary and civilian
hearing levels are considered separately. ‘ ’
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- METHOD

i Hearing conservation ‘data received from January through June 1975 at
9 the USAF Hearing Conservation Data Registry, Brooks AFB, Texas, and stored
by computer (from AF ¥orms 1490 that had complete audiometric information
and were reports on annual followup audiograms) were used to extract the
. hearing levels reported.

3 The -data were extracted at audiometric freguencies .of 500, 1000,

' 2000, 3000, 4000, and 6000 Hz in age groups 18-24, 25-34, 35-44, 45-54,

: and 55-64, with military and civilian-data kept separately. Data from
each frequency and each ear were tabulated to show the number of persons
represented at each hearing threshold level from 0 through 80+ dB({ANSI-
1969); the count was then converted to a percentage distribution. Also,
the median hearing threshold level was extracted for all conditions.,

RESULTS

The number of audiometric records on military amd civilian personnel
is vabulated by age in Table 1 with percentages given for the number in
each age group. Military and civilian numbers are distributea diZferently:
the greatest number of nilitary records is in the 25~34-year-age group
{43.7%), whereas the greatest number of civilians is in the 45-54-year:
graup (32.2%). Further, 9%% of the military represented are under 45 years
of age while 48.4% of the civilians are 45 or older.

Median hearing threshold level is shown in Table 2 for each age group
in this study. There is a distinct pattern of increasing HTL (pooyer
hearing) with increasing age except at 500, 1000, and 2000 Hz for military
personnel between the two youngest age groups. The military recoxds show
improved R1L hetween the 18-24 and 25-34-year age groups at these three
frequencies. ‘ :

Median HILs are coasistently better for the right ear. Every right-
ear meadian is better than the left at the corresponding frequency and age,
excapt civiliang, aged 55-64, at 500 Hz have a median HIL of 12.1 dB fox
right and left ears. '

The increase in HTL (change to poorer hearing) with inereasing age
is much greater for 3000, 4000, and G000 Hz. fThe differvencs between best
and poorest median HTL with increasing age is progressively greater with
progressively higher freguenay, except for 6000 Hz. Therc is a biggex
change at 4000 Hz than at 6000 Hz except for the right car of military
peraonnel, The generally graater loss for 4000 Hz forms the well-known
4000 Hz notch that is assoclated with noige-induced licaring loss,

The main purpose of this study was to comparce the hearing levels of
noise~expoved Alxr Force personnal to that in the general U.S5. population
{7) (Pigure 1). Air Force HILs are displayed eseparately for wmilitary and
civilian personnel. A consistent pattern of batter hearing for the military
can be seen with the only exceptions in the 18-24-year-old groups. Hedian
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HTL for the U.S. populaticn is poorer than for the military Air Force
personnel except for 500 Hz in the left ear in the 18-24~year-age groups.
Air Force civilian personnel show generally better hearing than the total
U.S. population but with several exceptions. The most notable exception
is in the 45-54-year-age group at 4000 and 6000 Hz where Air Force civil=-
ians have poorer median HTL for both ears than does the U.S. population.

The median HTLs in Figure 1 are all based on calibration specified
in ANSI $3.6~1969 (4). The U.S. Air Force adopted the ANSI-1969 standard
at about its time of publication and has therefore had about 5 years to
effect the audiometer calibration conversion. The U.S. Public Health
Service Health Examination Suxrvey (HES) was done with audiometers cali-
brated to the ASA-1951 standard (5) with the Cox and Bilger (6) recommended
values. ‘The two calibration standards are shown in Table 3. The differ=-
ences between the two standards were added to the median HES HTLs before
entry into Figure 1. Both the U.S. Public Health Service and the U.S. Air
Force use TDH-39 earphones with MX-41/AR cushions.

In Table 4, the distribution of hearing threshold levels is given
for all frequencies, right and left ears, military and civilian, for each
age group. The skewing expected with audiometric pure-tone threshold
distributions is well in evidence, and the percentage in each interxval
containing the median for that column is underlined. A strong central
tendency does not appear in hearing levels at the higher frequencies for
the older groups. The intexrval containing the median for these older
groups has a relatively small percentage of the hearing levels represented.
Specifically, in age groups 45-54 and 55-64 at 3000, 4000, or 6000 Hz, the
highest percentage in an intexwal containing a median is 10,3 which is at
3000 fiz, right ear, for military in age group 45-54.

The generally better hearving for nolse-exposed Air Porce personnel
than for the U.S. population can be attributed in part to the Air Force
admission regquirements. Since 1956, the Alx Force has had a poliay to
reject a person from entry into duties in noise if his hearing for 500,
1000, and 2000 Hz avexaged 30 dB or more, ANSI (20 dB ASA) in either sar.
The USPHS study indicated that about 18 of the U.S. population, age 18-24,
would fail that criterion in the better ear. Since the Aix Force rejects
on the basis of the pooxer ear, we kuow that over 1IN of the 18-24-year-old
general population would not noxmally be admitted into duties in noise.
The better hearing for military than for civilian wembers of the Air Force
can be attributed to the more atringent hearing reguirements for the mili-
tary, particulaxly officer and flying porsommel. Yor initial commission
or for entry into flying training, a person must have a HIL no pooreyr
than 25 dB ANSI (previcusly 15 dB ASA) at 500, 1000, and 2000 Hz in either
ear; further, he must have an average HTL no greater than 45 dB ANSI
(previously 35 dB ASR) for 3000, 4000, or 6000 Hz, both ears averaged
togather.

A major factor in the generally good hearing for nolse-exposed Alrx
Force personnel is considered to be the comprehensive Aixr Force hearing
congervation program that has been active since 1956. The monitoring
audicwstry portion is a key part of this program. Each noise-exposed
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Air Force member is given an annual audiogram, and the results are
immediately compared to his reference hearing levels which were determined
before his entry into duties in noise. A threshold shift (change from
reference to annual) of 20 dB or more at any frequency, either ear, is
designated significant if all hearing levels on the-reference audiogram
are 25 dB or better, If the reference audiogram has any HTL of 30 4B or
more, threshold shift is significant if it is 10 dB or more at 2000 Hz,
15 dB or more at 3000 Hz, or 20 dB or more at 4000 ox 6000 Hz., ' Table 5
shows the results of these criteria applied to Air Force personnel within
the 6-month pericd studied. The percentage with significant -threshold
shift is progressively greater with increasing age. When military and
civilian Air Porce members are combined, 25.3% are designated as having

.a@ significant threshold shift; very few of these are subsequently removed

from their duties in noise. They are customarily followed up with
audiograms done after 15 hours and after 40 hours of auditory rest. If
either test shows a return to no significant threshold shift, the person
is reindoctrinated in the harmful effects of noise, refitted with ear
protection, and reinstructed in its use. The objective is to apply
corrective action so that noise-induced hearing loss does not occur in
the future. A physician examines for apparent cause of the loss before
the 40-hour followup,

If a person continues to reflect significant threshold shift, even
after 40 hours auditory rest, he may bea enrolled in a 5-month detailed
followup program to 3ee if his hearing has stabilized or if he is continu~
ing to shift to even poorer HTLs. If HTL vemains stable over the 5-menth
period, the person is returned to annual audiometric monitoring. Fuzther
lasa during the 5 months is cause to recommend removing the person from
duties in noise. ILf further loss is at 500, 1000, 2000, or 3000 Hz, the
person is referred for otologic evaluation since a shift in these lawer
frequencies might be due to causes other than noise, The number of
persons actually removed from duties in nolse because of significant
threshold shift is probably quite small, Data in the Registry indicate
that about 10% of personnel receiving an annual audiometyic examination
will have a gignificant threshold shift that continues through both the

15~-hour and 40-hour noise-free periods. The number of persons showing
further significant threahold shift during the S-month detailed followup
is estimated.to ba very small,

In sunmary, military and civilian noise-exposed U.S. Alr Force
personnel reflect better hearxing levels than the general U.S. population,
Within the Alr Force, military persomnel have better hearxing than civile
ian members. fThe better heaxing for Alx Force persunnel can be partly
attributed to entry standards. Howaver, the comprehensive hearing
conservation program that identifies and arrvests early noise-induced
hearing loss is the most probable cause for the good hearing.
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TARLE 1.

AUDIOMETRIC RECORDS FOR MILITARY
AND CIVILIAN PERSORNNEL

Military Civiiian
Age Group N * N ]
. 18224 14,110  29.2 366 4.2
25-34 21,092 43.7 2,186 25.2
35-44 11,148 23.1 1,933 22,2
. 45-54 1,734 3.6 2,794 32.2
55-64 178 K 1,410 16.2
48,262 84.7 9,689 15.3
Total military and civilian = 56,95.
TABLE 2. 'MEDIAN HEARING THRESHOLD LEVEL
Left Ear Right Ear
Frequency (Hz) Frequency (Hz)
Age Group 500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000
Militaxy
18-24 8.4 3.9 2.8 4.5 5.0 9.9 5.9 2,9 1.7 3.2 4.3 8.4
25-34 5.9 2.8 2.0 4.9 7.6 l;.ﬁ 4.2 2.1 1.1 3.5 5.7 10.1
35-44 6.2 3.9 3.9 9.9 15.6 19.1 5.1 3.3 3.0 7.8 13.0 17.1
45-54 6.8 4.9 7.6 18,9 28.1 31.3 6.7 4.4 6.0 15.2 24.6 28.1
55=64 a 9.1 7.7 14.1 30.0 40.3 41.6 8.1 7.4 11.4 25,0 34 .4 39,2
Differencea” 3.2 4.9 12,1 25.% 4.5 .7 3.9 5.3 1.3 21.8 30.1 30.8
Civilian
18-24 6.6 2.5 1.2 3.6 6.5 10.9 4 2.0 5 2.5 3.8 a.7
25-34 7.4 3.5 2.9 7.6 12,2 15.3 .9 3.0 2.0 4.9 10.1 13,6
35-44 8.2 4.9 5.3 137 22,0 23.8 .8 4.2 4.0 10,1 17,6 21.3
45-%4 10.9 8.2 10.8 24.4 3§.}) 3.1 100 1.5 8.9 20.2 3.5 34.2
55-64 12.1 0.2 ¥%.0 34.9 456 47.412.1 9.9 13,4 29,9 4)1.5 44.2
Diﬁfernnce 55 7.7 M8 313 39.1 16,5 T 7.9 12,9 27.4 37,7 35.5
Ypitference in A, batvean beut and poorest wedian hearing threshold level.

t- o

TABLE 3. AUDXOMETER 2BRO REFERENCE STANDARDS
USED DY USPHS (HES) AND USAP
HES USAF
Frequancy (Hz) ASA-1951 ANSI-~1569 Diffeoxence
decibels sound pressure level
500 24.1 11.5 12.6
1040 17.2 7.0 10.2
2000 18.0 9.0 5.0
3000 15.6 10.0 5.6
4000 14.3 9.5% 4.8
6000 19.5 15.5 4.0
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TABLE‘4. PERCENT DISTRIBUTION OF HEARING THRESHOLD LEVEL ;

Age 18-24
Hearing Left Ear Right Ear ‘
lavel Frequency (Hz) Frequency (Hz) )
~(dB) 500 1000 2000 3000 4000 6000 500 1000 2000 3000 4000 6000
Military .
<0 9.6 25,3 3446 28,5 25.3 16,6 15.9 31,3 40,2 33.1 28,9 19,1
5 22,1 31,7 27.6 24.0 21,7 17.4 29,5 32,8 29,0 26,8 24,5 18,9
10 27.3 21.6 17.8 19,1 18,5 1l6.4 | 25.8 19,2 15,5 17,6 18.1 17.8
15 24,1 13,6 11.2 13.4 14.3 1647 17.2 9,8 8.7 1l.4 12,4 15.7
20 9,6 4,1 WA 6.6 7.0 10.6 6.5 3.5 3.1 4,9 5.5 10.1
25 4.3 2.0 203 3.6 0.3 709 207 106 106 2.5 3-5 604 ¢
30 1.7 .8 «9 1.6 242 4,1 1.0 .6 o5 1.1 1,6 3.0 ]
35 ) o o5 1.0 1.5 2.7 ) N o o7 1.4 2.4 ;
40 «3 3 2 o6 1.2 1.8 3 3 3 N 9 1l !
45 o2 o2 o3 5 1,0 1.5 02 0l o2 ol o7 1.2 i
50 .l .l o1 3 .9 1.0 ol ol 2 o ol 9
55 01 |1 03 07 Ig .1 .1 .1 .3 06 08
60- ol ol o o ol .1 o1 ol ol o6
65 02 03 -5 .1 .1 02 .é 07
70 ol ] oh ol 02 b
75 ol oh ol ol 3
80 ll 02 ll 02
>80 01 .3 .1 03
Civilian
<0 12,9 33,3 43,2 31,7 22,4 12,6 1402 38,4 47,3 37,2 28,7 1540
5 28,4 32.8 28,1 25,7 22,7 17.8 40.4 39,3 30.1 26,0 284 21.3
10 21,6 0.0 13,8 153 16,1 16,7 | 235 14,5 10,1 15,6 12.6 18.3
15 19,4 8,2 9.3 12,3 15.9 164 12.8 66 5.7 1047 10,9 1448
20 749 33 2,2 66 46 TBuZ | 3.8 2.7 3.0 4e6 5.5 741
25 3,3 14 2¢5 3.8 .6 7.1 3.0 o8 1.9 33 3.0 Ba7
30 n3 -8 ’-.9 1.9 2-7 .B I3 .8 1.1 2QS 4,1
35 u3 .6 53 161 2;2 5.5 .8 .3 03 ¢3 1.“ 3.3
4‘0 Oa Oe 1.6 3.0 i3 .B '6 QB 2‘2 .6
45 »3 o3 6 2,17 247 . 1.9 2.5
50 o6 «8 +8 ob 1.1 «8
38 o3 .8 1.6 2.5 o3 N +8
60 3 1.6 1,1 03 o3 8
65 oa uﬁ .8 o3 n3 03 '3
70 Lé Ll 6 Wb ,
75 .3 ¢3 ‘5
80
>80 .3 .3 08
PN
10

ko
£
: )\S
L
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TABLE &4, (Continued)
Age 25-34
i »
Hearing Left Ear . Right Ear
level Frequency (Hz) Prequency (Hz).
. (dB) 500 1000 2000 3000 _ 4000 6000 S00 1000 2000 _ 3000 4000 6000
) Military -
{ <0 17.3  32.6 39.7 27.9 21.% 13,4 {23.1 36,6 44,0 32.6 25,1 15,4
: 5 28,1 31.4 26,1 22.4 1% 15.2 |32.2 32.6 21,6 25,2 22,7 17.0
i 10 26.0 19.5 16.4 17.7 i, 15.6 | 23.0 17.3 14,7 17.4 M 17,2
i 15 17.3 10.2 9.8 13.¢ 12,9 15.9 113.6 8.2 7.8 1l.2 13,0 13.9
g 20 6.7 3.6 4,0 6. 8,0 11,7 4.7 2,9 2.9 5.4 6.9 10.6
/ 25 2.8 1.6 2,2 4.3 5.6 8.4 2.1 1.1 1,5 3.1 4.6 7.1
. )i 30 1.0 ‘5 .8 2.1 3:3 4.7 06 ull' 05 1.6 20(‘ 4ll
9 35 N 3 NA 1.5 2.5 3.6 b ) b 1.0 1.9 2,8
' 40 o2 2 W3 11 1,9 25 2 .1 o2 6 15 2,1
45 1 S S | 9 1,5 2.0 .1 W1 o2 S5 12 1.6
50 .1 .5 1.2 1.6 .1 '1 01 04 1.0 1.‘0
55 01 .4 1.1 1:3 01 .3 08 1.1
) 60 .3 .8 1.1 .1 -2 .6 .9
E 65 o1 2 o7 9 2 5 <9
.‘ 70 '1 .4 l6 01 03 .s
75 o1 o2 o6 vl . 5
80 o1 ol o ol ]
No ll .2 .s .1 .2 .6
Civilian
<0 8,1 23,7 33.6 19,5 11,9 6.9 113,1 26,7 37.6 23.7 14,7 8.8
5 29,1 37,2 29.6 22,0 17.1 134 37.4 38,4 31.1  26.8 20.5 14,7
10 26,5 204 15,6 16,4 14,2 13,5 |73.2 18,5 15.4 16,46 14.7 15,3
15 23,6 12,0 11,7 5.5  15.7 15,6 |16.5 104 8.7 12,7 15,1 15.7
20 6.7 37 43 73 9,7 10,4 ) 53 28 3.1 65 T8.1 10,0
2% 3.5 1.7 2.3 6.0 73 10,3 | 2.5 1.5 1.7 3.7 6.1 8.7
30 lol‘ OG 1.1 206 30? 6.0 100 .6 u6 2.3 3.9 6.6
35 +6 2 W7 2,7 444 4,9 b oh o0 1.8 2.7 )
40 ol 02 .2 2.3 3.1 2,4 .2 s | b 1,1 2.6 3.0
&5 .2 ul .3 105 300 3;1‘ ‘ul .1 .3 1.0 2.‘0 3.3
50 .l ul ‘Ana 250 2:6 '.1 .2 .2 1.3 1.7 14.7
1 . 55 .1 .1 92 .8 203 1'7 |1 '1 03 1.0 1.9 2.2
: 60 o1 »8 1,2 1.9 ol ol ol o6 1,8 1.8
63 ol ol ol o5 2.4 246 ol ol ol 1.8 1.7
70 ' o3 1.0 1.3 «3 1,0 1,1
75 . ol ¢2 «8 1."0 »1 o? 1-5
» 80 '1 Il 06 'é 01 13 ..6
) 80 N S R S0 o S S S
11
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v
; © TABLE 4, (Continued)

Age 45-54
e Hearing left Ear Right Zar
£ level Frequency (Hz) Frequency (Hz)
_(dB) 500 1000 2000 3000 4000 6000 | 500 1000 2000 3000 4000 6000
1 . R .
Lo Military
<0 15.1 20,2 18,8 - 7.8 4,0 2.6 15.9 . 21,4 22,3 10,7 4,7 3.4
L1 25,5 30,7 21,5 11,1 5.9 46 25,7 32,5 24,1 1046 6,8 4l
10 25,9 22,3 18,6 10,0 8,0 4.9 [25.1 2L 1848 1401 11,0 7,0
15 18,5 14e9 14,8 13,8 9.6 9.0 |17.4 13,8 The0 1441 10,2 9.4
20 8.3 505 9,5 9.2 9.2 9,8 | 8.7 53 740 10,3 9.2 114
25 3.6 305 l‘os 8.5 8.8 9.5 309 209 501 805 M 9.3
30 1.6 o9 3,8 840 2.7 79 | L6 1.3 26 6.k 7.0 _8,0
35 1.0 '9 2.5 4.7 704 _6_._2 09 .7 203 5.5 7.6 6.6
40 o2 S 1,6 5,6 7.2 6.3 5 2 13 3.6 %7 A8
A’ 02 92 1.2 5.6 509 5.9 01 ‘2 .9 3.5 4.5 5.3
50 8] ol 9 4l 5.8 643 o2 o o 3.6 &7 5,2
55 02 92 .9 3.6 l&ag 5.2 ol ol 3 301 4.9 4.3
60 ol o2 8 2,8 42 4.8 ol ol o 2,5 4,6 54
65 .1 ol 3 1.9 4.6 4 ol Jd 1,3 3,9 3,9
70 Jd 0 1,7 2.4 3.1 ol ol g0 21 2.7
75 ol 8 1.6 3,0 .1 o1 o2 o 1.6 2.
80 ol B 1,1 2. ol ol o3 9 1.9
>80 S 21 3.7 o1 ol 6 1,8 4,2
Civilian
£0 402 101 1047 3.8 14 1,2 | 646 12,0 13,0 4.3 1,6 1.3
5 18,2 27.3 20,1 746 3.3 244 [21.6 27,0 26,3 10,5 4.8 3.4
10 23,4 22,6 1644 946 4o 3,5 [ 2103 22,1 16,2 11,2 6,5 4.3
15 26,9 20,0 17.2 122 8,1 7,6 | 23,2 18,7 170 1440 10,6 7.7
20 12,5 9.0 100 8.7 7.1 741 |T0.2 2.2 90 9.6 8.2 8.0
25 8.3 5.9 8.5 947 8,6 947 | 7.7 47 6,2 9.6 9.6 10,0
30 33 25 43 TL 746 B840 | 2.9 21 3.6 6.2 6.6 8,1
a5 2,0 16 347 7.1 8.9 840 | 2,6 15 2.7 5.4 7.1 8.8
40 L2 10 23 5.8 6.8 6.6 | L 1.0 1.0 5.3 55 Ty
45 8 9 2,1 6,2 VI T8 8 W7 L5 49 7.3 6,5
50 o & Ll 53 6.3 5,0 o6 6 1.3 L 5.6 5.1
55 o2 2 145 5.6 84 643 b A W6 5,0 6.7 6.l
60 o3 o2 b 35 54 be6 o2 3 @ 2.8 5.2 5.2
65 .1 o7 34 5.6 640 ol oo 5 2.8 4.0 4,7
70 1 S T N 0 SIS S9N H S S S S S
7% ol W3 L3 3.2 4 ol ol O 13 2,4 3,0
80 1 2 W6 L7 23| a4 a4 2 6 e 2
. >80 ol ol 2 L 2,8 57 ol ol o 10 3.6 6,0
13
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TABLE 5.

Age Group
18-24

25-34
35-44
45-54
55-64

PERSONNEL WITH SIGNIFICANT
THRESHOLD SHIFT

Military Civilian

N % N A
2,112 15,0 48 13.1
4,141 19,6 428 19.6
3,963 35.5 656 33.9
873 50.3 1,295 46.3
112 62,9 770 54.6
11,201 23,2 3,197 36.8

Total with SIS = 14,398 (25.3%)
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